Abstract-The lanthanides,
found a simple quantitative regularity between the abundance variation of lanthanides and the difference in the atomic number of lanthanides . This regularity developed into a more complete and far-reaching theory for lantha nides (MASUDA and MATSUI, 1966) . It should be also emphasized that such a theory is not limited to lanthanides, but the regularity found for lanthanides is merely an eminent representation of a more general rule for metallic elements (MASUDA, 1965 (MASUDA, a, 1965 . Therefore the theory developed by us could be extended to such elements as thorium, uranium, lead, rubidium, and strontium (MASUDA, 1964 (MASUDA, a, 1965 (MASUDA, c, 1965 (MASUDA, d, 1966 M ATSUI, 1966) .
According to our conclusion (MASUDA and MATSUI, 1966; MASUDA, 1964 b) , the chondritic earth encountered a complete melting 4.55 x 109 years ago.
If it is as sumed that the formed crystals were fixed successively on the growing crystalline mantle, we can estimate the depth of the magma source (MASUDA, 1963 (MASUDA, a, 1964 MASUDA and MATSUI, 1965) . In addition, there is a possibility that a similar study (MASUDA, 1966 b) can present a chemical explanation on the genesis of the structure within the earth's mantle.
It should be noted that the present study on basalts is closely connected with the theory and the model presented by us.
GENETIC TYPE OF MATERIAL
On the basis of the change of phase relation of rock-forming minerals under differing temperatures and pressures and/or the difference in major chemical com position, many discussions have been made on the origins of two or three different types of magmas (KUNG et al., 1957; KUNO, 1959 KUNO, , 1960 KusxiRo and KUNO, 1963; YODER and TILLEY. 1962; GREEN and RINGWOOD, 1964; O'HARA, 1965 SCHMITT et al. (1963) show such a character (CORYELL et al., 1963; MATSUI and MASUDA, 1963 SCHMITT et al. (1964) appears to belong to this type.
MASUDA (1965 c) attempted an analysis of the distributional relationship between thorium and uranium determined by HEIER and ROGERS (1963) and HEIER (1963) .
His analysis suggested strongly that the high-alumina basalt of Japan (point 2 in Fig. 1 ) was a primary liquid-type material, while the tholeiite of Japan (point 1 in Fig. 1 ) was a primary solid type material.
It was also suggested that the alkali olivine basalt of Japan (point 3 in Fig. 1 ) could be regarded as a secondary liquid type material.
It is also an important finding that the points 1 and 3 can be brought to or near the point 2 when dividing or multiplying the relevant concen trations by the partition coefficients of thorium and uranium.
A similar situation was pointed out about the relationship between the isotopic ratio 206Pb/207Pb and the concentration of lead (see Fig. 2 ). That is, it was sug gested (NIASUDA, 1964 a) that the genetic relationship between pigeonitic rock series and hypersthenic rock series might be a conjugate liquid-solid relation as described above, for the partition coefficient for lead has been estimated to be nearly 0.3 Pigeonitic rock series is inferred to have originated from tholeiite, while hypers thenic rock series from high alumina basalt with the contamination KUNo, 1960).). When taking into account the possible error in the determination of lead, a similar liquid-solid relation is not far from conceivable between alkali rock series and hypersthenic rock series. If the high-alumina basalt is a primary liquid type material, it should have the log linear, chondrite-normalized pattern for lanthanides therein.
If the tholeiite and the alkali olivine basalt of Japan are, respectively, the primary solid-type and the secondary liquid-type material, these basalt should have a slightly convex and a slightly concave pattern, respectively, for lanthanides therein. Moreover, it is anticipated that the slopes of the log-linear lines recovered from tholeiite and alkali olivine basalt are similar with the slope of the high-alumina basalt. These antici pations are the motive to undertake the present study.
EXPERIMENTAL
In the recent determination of rare-earth elements (SCHMITT et al., 1963; HASKIN and GEHL, 1962; TOWELL, 1963; TowELL et al., 1965) , use was made of the neutron activation method.
In the present study the isotope dilution method was employed. Of the alkali rocks of Japan, this rock is thought to be the closest to the parental alkali basalt magma (UCHIMIZU, 1966) . 
RESULTS
The results of determination is presented in Table 1 together with the abundance in chondrite (SCHMITT et al., 1963 At first a specific discussion will be given to each sample and then a further discussion will be given to the whole result under theoretical consideration.
(i) High alumina basalt, Mishima. As shown in Fig. 3 , the chondrite-normalized lanthanide pattern (the lanthanide pattern for short) is log-linear with log s=0.0391
(The value of slope coefficient s indicates the relative enrichment between the adjacent lanthanides (MASUDA and MATSUI, 1966) .). It is seen, on the other hand, the point representing cerium (a cross in Fig. 3 ) is too distant from the smooth log-linear line. It was confirmed that this deviation is not due to any errors in cluding the error in standardization.
At the same time the cerium deviation was found to be considerably common to other samples, too. This suggests strongly that the average abundance of cerium in chondrite (SCHMITT et al., 1963 ) is rela tively too high to be employed for the normalization of basalts of Japan (Alter natively the chondritic abundances of lanthanides other than cerium may be too low.). For this reason the chondritic abundance of cerium for the normalization was taken to be 0.70 ppm, which value makes point for cerium fall on the smooth curve in Fig. 3 . This modified abundance of cerium will be also employed for normalization of other samples.
(ii) Tholeiitic basalt, Tanna. The solid circles in Fig. 4 values are divided by the partition coefficients presented in Table 2 , a log-linear line characteristic of a primary liquid-type material is recovered (see the open circles in Fig. 4) .
This recovered log-linear line has an inclination corresponding to log s=0.0429.
It is noteworthy that the recovered liner representing the conjugate liquid resembles the line for high-alumina basalt, a fact which is in agreement with the theoretical anticipation.
A further consideration will be made later on.
(iii) Alkali olivine basalt, Oki. As mentioned above, this rock is inferred to be close to or represent the parental alkali olivine basalt magma.
The observed values are represented by the solid circles in Fig. 5 . Obviously the lanthanide pattern of this rock is slightly concave, indicating the character of a secondary liquid-type Fig. 8 . The log-linear line recovered ' here has log s =0.0400. (vi) Olivine dolerite, Atsumi. The lanthanide pattern (see Fig. 9 ) of this rock appears to be a secondary liquid-type material with an inflexion probably due to calcium effect (MASVDA, 1965 e) . Since the partition coefficients for the process involving the inflexion effect are not yet established, it is difficult to make a treat ment like above. Conversely, however, it may be possible to estimate the pertinent partition coefficients.
To do this, it is necessary to know the lanthanide pattern of the source material the partial melting of which gave rise to the magma under consideration. Here let us assume that the lanthanide pattern of the source ma terial was similar to that recovered from Kiso alkali olivine basalt or Oki alkali olivine basalt.
Then the partition coefficients responsible for the formation of the magma in question are estimated as shown in Fig. 10 . The solid line in Fig. 10 indicates the partition coefficients independently obtained on the basis of a theo retical hypothesis (MASUDA, 1965 e) . The partition coefficients tentatively estimated from a comparison of the pattern of Atsumi dolerite with that recovered from Kiso basalt are in remarkable agreement, from La through Gd, with the hypothetically estimated ones (A chain line drawn in Fig. 10 indicates the partition coefficients for the process with no inflexion effect, which are presented also in Table 2 .). The shift of inflexion point presents a problem to be solved.
DISCUSSION
We derived the following equation which connects the slope coefficients with the liquid fraction value fw (MASUDA and MATSUI, 1966) . log fw= log s 1)
where D is a difference in the value of partition coefficient between the adjacent lanthanides.
According to our studies (MASUDA and MATSUI, 1966; MASUDA, 1964 e) , D can be evaluated to be 0.0352. It is of much interest to evaluate the liquid fraction values from the slope coefficients for the three different types of probably parental basalts.
The logarithms of slope coefficients obtained above are tabulated in Table 3 together with other quantities estimated from s. When the liquid fraction value is evaluated, we can also estimate the depth or thickness of magma source (MASUDA, 1964 c; MASUDA and MATSUI, 1965) as well as the concentration of lantha nide in the primeval melt. Isotopic composition of lead in the basalts of Japan suggests the liquid fraction value of about 1/17 (MASUDA, 1964c (MASUDA, , 1964 . According to the analysis of the distributional relationship of thorium and uranium determined by HEIER and ROGERS (1963) , the f v for tholeiite and high alumina was estimated to be 1/17, while that for alkali olivine basalt to be 1/7.4 (MASUDA, 1965 c).
The result from uranium and thorium concentrations may be more subject to error.
Besides, it is a problem whether or not the analysed rock specimens are the same, and that, even if they are from the same locality, the analysed parts are not the same. In spite of these uncertainties, it is evident that the results from the different elements are more or less in accord with each other. Moreover, it must be added that, based on seismic data, KUNO (1960) 
Since the value of log fw can be obtained from logs (cf: Equation 1), it is possible to evaluate the differential enrichment factor R from log s. In Table 4 is shown the calculated enrichment factor R for lanthanum together with the corresponding value extrapolated from the observed or recovered log-linear line. In this con nection it is necessary to note that the concentration of lithophile element in the initial oxide melt of the earth is inferred to be 1.20 times the concentration in the whole chondrite, because the earth's initial chondritic material is inferred to have contained 17°o non-oxide components (MASUDA, 1965 a) . Accordingly the "observed" values presented in Tab. 4 is smaller by a factor of 1.2 than the directly extra polated ones. It is found that the ratio of observed to calculated enrichment is close to unity for alkali rocks.
If the initial concentration of lanthanum is taken to be 0.47 ppm, the observed-to-calculated enrichment ratio becomes unity for the alkali olivine basalt, Oki. If the initial concentration of lanthanum is taken to be 0.28 ppm, the observed-to-calculated ratio becomes just unity for the alkali olivine basalt, Takashima.
According to the determinations by SCHMITT et al. (1963) , the concentration of lanthanum in chondrites ranges from 0.15 ppm to 0.46 ppm. Therefore it is admissible to infer that the alkali olivine basalt developed from the initial chondritic material without appreciable non-differential enrichment of entire lanthanides.
For the high-alumina basalt and tholeiite, on the other hand, the ob served-to-calculated enrichment ratios of lanthanum are 3.05 and 3.29, respectively, suggesting the non-differential enrichment of entire lanthanides by a factor of about 3. This fact can be accounted for either by assuming the non-differential enrich ment of entire lanthanides at the stage of the generation of magma or by assuming that the initial primeval material responsible for these rocks were enriched in all lanthanides by a factor of nearly three as compared with the average chondrite. A fact that the concentrations of all lanthanides in eucrites (a group of calcium rich achondrites) are ten times as high as in the average chondrite (SCHMITT et al., 1963) may give a suggestion to the latter interpretation.
A fact that the observed to-calculated enrichment ratio for tholeiite is substantially identical with that for high alumina basalt suggests strongly the genetically close connection of these materials. It is also a remarkable fact that, while the lanthanide pattern with an in flection is very frequently found for continental rocks, the basic pattern for basalts of Japanese Islands appears to be that with no inflexion.
